composition of the plant materials which are usually introduced into the soil, to be able to determine more definitely the mechanism of their decomposition. A proximate quantitative analysis which would account for the most im portant constituents of the plant material is sufficient for this purpose. Such a proximate analysis has been proposed for wood by Dore (3, 4) , Schor ger (7), Schwalbe (8) and others. For the study of the composition of plant materials added to the soil and of the nature of decomposition processes, these methods have to be variously modified, for three reasons: first, because of the difference in the nature of the materials used; secondly, because the soil has to be used frequently as the medium for analysis, and the presence of a con siderable amount will greatly influence the selection of the methods to be used in analyzing a small quantity of organic matter added; and thirdly, because of the difference in the very nature of the problem, which involves also a study of the composition of new organic materials, synthesized by the soil microorganisms.
The chemical methods commonly employed in foodstuff analysis are alto gether unsatisfactory for this purpose, since those methods are based more upon the digestibility of the materials than upon their exact chemical nature. Digestibility of an organic substance in the system of an animal results in a group of processes altogether different from the transformation of the same organic substance added to a normal cultivated soil. The terms "crude fiber" and " nitrogen-free extractives" may be quite satisfactory for food analysis but their use in a study of the nature of soil organic matter or the transforma tion of natural organic matter added to the soil would tend to render unin telligible the very processes that are under investigation. These and other considerations account for lack of sufficient knowledge concerning the nature of soil organic matter or soil "humus" (10) .
EXPERIMENTAL
The following constituents of the natural organic materials are most im portant in influencing the rapidity of decomposition of organic matter added to the soil. They allow a determination of the causes for the slow or rapid liberation of the nitrogen of the organic matter in an available form, and of the influence of the carbohydrates present in the plant upon the transforma tion of the nitrogen complexes. The amount and nature of the residual material left in the soil as a result of the decomposition of the plant materials added can also be measured. This material becomes a part of the soil organic matter and is commonly referred to as "humus." These major plant constit uents can be grouped conveniently as follows:
1. Ether-soluble fraction. The fats and waxes soluble in ether are decomposed only slowly by microorganisms. They may accumulate in the soil and may even influence the rapidity of decomposition of the other plant constituents (11) . A determination of these is, there fore, of importance. Frequently benzene or an alcohol-benzene mixture is used for extracting this group of substances. The alcohol-soluble materials have not been determined in this system of analysis, since alcohol extracts from plant material certain sugars and amino com pounds, which are also water-soluble and which undergo rapid decomposition when intro duced into the soil. Alcohol also extracts certain lignins, which resist decomposition and which are otherwise determined in the "total lignin" and in the "alkali-soluble" fractions.
2.
Water-soluble fraction contains those ingredients of the natural organic materials which are the first to undergo decomposition when acted upon by microorganisms; the greater the content of water-soluble materials in the plant residues, the more rapidly will decomposition set in and be completed. Cold water extracts the simple carbohydrates and their derivatives, various amino acids and peptides, and soluble minerals. Hot water extracts the starches, to some extent the pectins, certain hexosans, and varinus nitrogen compounds.
3. Celfolose and hemicelluloses decompose much more slowly than the water-soluble frac tion, but they decompose readily and completely (S, 11). They form the largest group of constituents of natural organic matter of plant origin added to the soil. Since these poly saccharides are free from nitrogen, the rapidity of their decomposition will depend on the amount of nitrogen in the plant material or on the available nitrogen present in the soil.
4.
Lignins decompose in the soil only very slowly and contribute, therefore, largely to the organic matter which accumulates in the soil and which is resistant to decompoFitbn (so called "humus"). A knowledge of the concentratbn of this fraction is very essential.
Furthermore, it has been shown elsewhere (11) that not oaly do lignins decompose only very slowly, but their presence in the natural plant materials hinders somewhat the rapid decom position of the celluloses with which they are combined in the form of ligno-•.elluloses. Various natural organic substances were analyzed by these methods, both in the presence and in the absence of a large excess of soil; the results were found to be rather satisfactory, with the exception of the lignin determina tions. This substance or group of substances is usually obtained by treating a natural organic material with strong sulfuric (72 per cent) or fuming hydro cyloric (42 per cent) acid, or a mixture of sulfuric and hydrochloric acids. The part of the natural organic material which is free from fats, waxes, and ash, and which is not acted upon by the acid, is considered as lignin. Lignin is considered to be a single chemical complex, the composition of which is fairly well known. When the analysis, however, has to be carried out in soil, in which considerably less than 1 per cent organic matter is frequently present, the determination of the residual lignin by treatment with acids is out of the question, because 90 to 98 per cent of mineral soils will also remain unacted upon by the strong acids. To obviate this difficulty, the analysis of lignin in the soil can be based upon its ability to dissolve in alkalies. Most of the lignin is brought into solution only after continuous treatment at very high pressures and temperatures (6) . At low temperatures and pressures, and even at 15 pounds pressure in the autoclave, only 50 to 60 per cent of the lignin may dissolve in alkalies. This phenomenon has to be kept in mind in applying the various methods of analysis to organic matter present in soil.
For the following investigations five organic materials were selected:
1. Wheat straw, obtained after harvesting the mature crop and threshing out the grain; the straw itself was finely ground and included both the stems and leaves. 2. Ground stems of saw grass (Cladium ejfusum). 3. Ground roots (including the lower part of the stems) of saw grass; these two samples were supplied by Mr. Hunter of the Everglades substation, Florida, to whom the authors are indebted for the courtesy. 4. Ground soybeans (soybean meal); as the plants were harvested just before the pods began to form, the material repre sents a plant substance rich in nitrogen, obtained during the active stage of growth. 5.
Young rye seedlings; these were grown in pots in the greenhouse, for 6 weeks, until the plants reached a height of 12 to 15 inches; the moisture content of these plants was 82.8 per cent; the plants were dried at 65°C. and then ground.
ANALYTICAL METHODS
Samples of the materials were . always dried at 100°C. to constant weight and the results obtained in the following analyses are reported on an oven-dry basis:
Ether extract. Five-gram portions of the material are extracted for 24 hours with cold ether in a closed flask.2 The solvent is removed and the organic material again extracted twice with ether. The combined solvent is evapo rated to dryness and the residual material dried, in weighing bottles, to a con stant weight at 100°C. The results thus obtained were found to check very closely with the loss in weight of plant substance, as a result of extraction.
Cold-water extract. The residue from the ether extraction is treated with 150 cc. of distilled water and allowed to stand in the cold for 24 hours. The presence of traces of ether, which serves as a disinfectant, prevents the de velopment of microorganisms in the aqueous extract. The extract is :filtered through filter paper, and the residual organic matter washed several times with water. The filtered aqueous extract is made up to volume and divided into three portions: one-half is evaporated to dryness in platinum dishes, then weighed and ignited, giving the total water-soluble portion and the water soluble ash; one-fourth is used for total nitrogen determination, by the Kjeldahl method; and one-fourth is used for the determination of reducing sugars, by the Bertrand method. In some instances, especially in the analysis of decomposing material, only one-quarter of the extract is used for total organic matter and ash, and the remaining quarter for ammonia (by dis tillation with MgO or by the aeration method) and nitrate determinations. The residual plant material, from which the water-soluble portion has been removed, is then used directly for the alkali extraction. In some cases the material is extracted with boiling water, for 30 minutes; this brings into solu tion the starches and certain other hexosans (especially in microbial pro toplasm), some pectins, and certain nitrogenous compounds. The hot water extract is analyzed in the same manner as the cold water extract, except that one-quarter of the solution is boiled with 2 per cent hydrochloric acid, before the sugar determination is made.
Alkali extract. One-hundred-cubic-centimeter portions of a 5.0 per cent solution of sodium hydroxide are added to the residues from the aqueous ex traction and heated in the autoclave for 30 minutes at 15 pounds pressure. About 50 cc. of cold distilled water is then added to each :flask and the extract filtered through dried and weighed filter papers. Another 50-cc. portion of the same alkali solution is then added to the residue of each preparation, which has been removed carefully from the paper, and the extraction is repeated in the same manner. Filtration is repeated through the same filter paper. The residue is washed with water, with dilute acetic acid, and again with water, then dried and weighed. The difference between the weightsof the residue after the cold water and after the alkali extractions gives the amount of material soluble in 5 per cent sodium hydroxide solution. In the presence of soil, this portion is found by evaporating, in silica dishes, an aliquot portion o:l the solution previously neutralized with HCl solution, then drying, weighing, igniting, and weighing. The alkali extract is treated with sufficient hydro chloric acid to give an excess of 2 per cent acid in solution; this solution is then boiled for 30 minutes and the precipitate filtered off upon weighed papers. The precipitate is washed with water, dried and weighed, and analyzed for total nitrogen. The weight of the precipitate, from which the protein con tent is subtracted (nitrogen content X 6.25), represents the alkali-soluble lignin of the preparation. The amount of lignin thus obtained is only a definite part of the total lignin present in the plant material, amounting to not more than SO to 60 per cent of the total lignin obtained by treatment with acids ("acid-lignin"). The filtrate from the lignin is analyzed for total nitro gen and for total reducing sugar. This sugar represents some of the hemi celluloses (including some of the pentosans and the starches) which are soluble in alkalies and which are hydrolized by 2 per cent hydrochloric acid at boiling temperature.
Treatment with 2 per cent suljuric acid. The residue from the alkali extract is then treated with 100 cc. of a 2 per cent sulfuric acid solution, at boiling temperature, for 30 minutes. The residue is washed with water, dried, and weighed. The extract is used for sugar determination. This sugar represents another part of the hemicellulose of the plant material.
Cellulose. A definite part of the residue from the acid extract is treated with an ammoniacal copper solution (modification of Schweizer's reagent), to extract the cellulose, which is then precipitated with alcohol, washed with hydrochloric acid and distilled water, dilute alkali solution, water, dilute acid, water, alcohol and ether; the precipitate is then dried, weighed, ignited and weighed again, according to the method suggested by Charpentier (2) . This procedure is to be preferred to the chlorine and sulfur dioxide treatments, because of the ease of manipulation. It was also found to give at least as reliable results as the method used by Bengtsson (1), whereby the lignins are removed with sodium bisulfite and hydrochloric acid solution.
Lignins. Two-gram portions of the original material are treated, in glass stoppered containers, with ether, and, after the removal of the ether extract, with a mixture of 10 cc. of an 18 per cent hydrochloric acid solution and 50 cc. of a 72 per cent sulfuric acid solution, as suggested by Schwalbe (9) . The reacting mixture is allowed to stand for at least 30 minutes and is then trans ferred with 300 cc. of water to Erlenmeyer flasks and boiled for 30 minutes. The lignin is filtered off upon weighed paper, washed with water, dried, weighed, and ignited. The loss in weight may be taken as lignin, although, especially in the case of substances rich in nitrogen, the nitrogen content of the lignin may be considerable and should be accounted for.
Pemosans are determined by the ordinary phloroglucide method. Proteins, insoluble in cold water, are determined by subtracting the water soluble nitrogen from the total nitrogen, then multiplying the difference by 6.25. Table 1 gives the proximate analysis of five different plant products. The alcohol extract is not reported in this analysis, since it represents sub stances already reported under the different groups. For example, alcohol extracted from the saw-grass stems 3.88 per cent of the material and from the saw-grass roots, 2.32 per cent. This extract, upon the removal of the alcohol, was found to consist of 62.2 per cent lignin, when determined by the hydro chloric-sulfuric acid method. The remaining 37.8 per cent of the alcohol soluble fraction could be partly accounted for by the soluble sugars and nitro gen compounds. In other words, since part of the lignin and certain nitro gen compounds and sugars are soluble in alcohol, the inclusion of this fraction is not justified.
The results obtained by analyzing the water-soluble fraction for reducing sugars, soluble nitrogen, and soluble minerals (as ash) are given in table 2.
Only about a half of the fraction is thus accounted for, since no attempt has been made to determine the soluble organic acids, glucosides, starches, pectins, and other hemicelluloses and their derivatives. The results obtained by treating the preparations (after removing the ether and water-soluble fractions) with 5 per cent sodium hydroxide, under pressure, are given in table 3. Practically two-thirds of the extract is ac counted for. The widest discrepancy is found in the case of the wheat straw, largely because of the difference between the high pentosan content (26.35 per cent) in the straw and the comparatively low yield of reducing sugars in the extract. The unaccounted-for portion of the alkali solution may consist of degradation products of celluloses and lignins, as well as of some soluble forms of these substances (pro and hemi forms).
To demonstrate whether the lignin obtained by extracting the material with alkali and precipitating with an excess of acid (on boiling) is the same as the acid lignin obtained by the action of concentrated acids, the alkali lignin was treated with a mixture of hydrochloric and sulfuric acids. Between 90.2 and 93.3 per cent of the alkali lignin was recovered as acid lignin. In other words, although only a part of the lignin, amounting to about 40 to 45 per cent of the acid lignin, is soluble in 5 per cent sodium hydroxide at 15 pounds pressure, this alkali lignin is practically identical in its reaction with the acid lignin. Table 1 shows that, by this method of analysis, practically all of the constitu ents of natural organic materials, especially those of plant origin can be accounted for. This is especially true for the wheat straw, the soybean meal, and the rye plants, representing three of the most common organic materials usually added to the soil. The results for the saw grass fall short by 2.06 per cent in the case of the stems and by 4.12 per cent in the case of roots. This discrepancy can readily be accounted for, when the results for the pento san determinations are compared with the results obtained by determining the reducing sugars in the alkali extract . (neutralized with hydrochloric acid and boiled in the presence of an excess of acid) and in the 2 per cent sulfuric acid extract. In the case of the saw-grass stems, the sum of the reducing sugars thus obtained is 22.51 per cent, and in the case of the roots 25.05 per cent, whereas the corresponding results of the pentosan determinations are 21.45 and 20.75 per cent. In other words, the determination of the reducing sugars in the alkali and acid extractions gave 1.06 per cent, in the case of the stems, and 4.30 per cent, in the case of the roots, more than the pentosan determina tions, indicating that this plant contains other hemicelluloses (galactans, mannans, etc.), which are not accounted for by the pentosans. The analyses of the alkali-soluble fraction are especially illuminating in regard to the lignin determinations. Between 40 and 50 per cent of the lignin, obtained by direct treatment with concentrated acids, is found in the alkali extract of wheat straw and saw grass; however, not more than 20 per cent of the total lignin is found in the alkali extract in the case of the soybean meal. Whether this is due to differences in the nature of the lignin or to the influence of the high protein content upon lignin extraction with alkali (the alkali ex tract of soybean meal precipitated with acids and boiled in the presence of 2 per cent acid is rich in nitrogen and when the protein and ash contents are subtracted, the amount of lignin left is inconsiderable) remains to be seen.
